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SPECIFICATION 
OPTICAL ADD-DROP MULTIPLEXER 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to optical add-drop multiplexers, 
and particularly to an optical add-drop multiplexer incorporating a 
paraboloid reflector. 

2. Description of Related Art 

[0002] A n optical add-drop multiplexer (OADM) is used in a node of 
a wavelength division multiplexing (WDM) communications network. 
The OADM extracts a channel containing information conveyed to the 
node from a multiplexed stream, and allows remaining channels to pass 
through unaltered. The OADM is also needed to add a new channel, 
which transports information generated within the node to the 
multiplexed stream. In practice, the dropped channel and the added 
channel are allocated the same wavelength, to simplify network 
management. A user can readily associate the dropped and added 
channels with the concerned node. An other application of OADMs is in 
routing nodes of reconfigurable optical networks. Certain information 
streams can be re-routed according to changed traffic conditions, or to 
remedy a failure downstream of the connected node. 

[0003] The OADM can be considered as a four-port device, with two 
ports for the input and output of the overall stream and two ports for the 
input and output of an individual channel. The ports related to the 
overall stream are hereinafter called the input port and the output port, 
and the ports related to the individual channel are hereinafter called the 
drop port and the add port. 
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[0004] Nowadays, OADMs which can add and drop a desired 
channel in a multiplexed stream containing several wavelength channels 
are becoming more and more popular for use in WDM networks. 
Presently, non-absorbing interference filters are used to manufacture such 
OADMs. These filters comprise a series of dielectric layers. The 
layers have refractive indices and thicknesses such that the filters transmit 
a certain portion of the spectrum of incident rays, and reflect the 
remaining portion. A simple inclined interference filter placed in a 
suitable system for collimating and re-focusing the optical beams can 
directly perform the functions required by a WDM device. A first face 
of the filter receives the multiplexed stream. The first face reflects all 
wavelengths except the one to be extracted, which exits an opposite 
second face of the filter. The first face also receives the wavelength to 
be inserted, which is then transmitted through the filter and is combined 
with the multiplexed stream. However, a WDM device using a single 
filter has a poor reflection extinction ratio. A fraction of the signal of 
the extracted channel is transferred to the output port, and interferes with 
the signal having the same wavelength that is added at the add port. 
This interference can seriously degrade the performance of the system. 
Moreover, tuning of the filter is difficult. Variation of the inclination of 
the filter is required to vary the transmitted bandwidth, but such variation 
also causes angular displacement of the reflected beam relative to an 
optical collecting device of the system. 

[0005] US Pat. No. 5,812,291 discloses an optical tunable add-drop 
multiplexer comprising a pair of identical interference filters. One of 
the filters carries out the drop function, and the other filter carries out the 
add function. The two filters are arranged in parallel planes, and are 
secured to opposite faces of a transparent body. Therefore, the stream 
comprising a plurality of channels undergoes reflection by both filters 
when it travels through the device. The transparent body is mounted on 
a support which is hinged on an axis. The axis is parallel to the planes 



of the filters and passes through the barycenter of the multiplexer. The 
body is rotatable in either direction to vary the tuning wavelength of the 
filters. Unfortunately, the structure of the multiplexer is complicated. 
In addition, wavelength selection is troublesome and inaccurate, due to 
the method of mechanical tuning. 

SUMMARY OF THE INVENTION 

[0006] In view of the above, an object of the present invention is to 
provide an optical add-drop multiplexer which can easily drop any 
wavelength channel as desired. 

[0007] Another object of the present invention to provide an optical 
add-drop multiplexer which allows accurate, easy and instantaneous 
selection of a desired channel. 

[0008] In order to achieve the objects set out above, an optical 
add-drop multiplexer in accordance with the present invention comprises 
an optical switch for selection of a desired wavelength channel to be 
extracted, a pre-processing channel assembly, an optical reflector, an 
optical extractor, a post-processing channel assembly, and an optical 
coupler aligned with the post-processing channel assembly. 

[0009] The pre-processing channel assembly transmits a multiplexed 
signal stream containing a plurality of channels. The optical reflector 
directs light rays emitted from the pre-processing channel assembly into 
the optical extractor. The optical extractor comprises a narrow bandpass 
filter that allows a desired channel to pass therethrough and reflects other 
unextracted channels. The desired channel can be dropped by switching 
to a corresponding output port of the optical switch. The optical 
reflector directs light rays reflected from the optical extractor to the 
post-processing channel assembly. The post-processing channel 
assembly transmits the unextracted channels to the optical coupler. The 
optical coupler combines the unextracted channels and an insertion 



channel. 



[0010] Other objects, advantages and novel features of the invention 
will become more apparent from the following detailed description when 
taken in conjunction with the accompanying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a schematic cross-sectional view of an optical 
add-drop multiplexer according to a preferred embodiment of the present 
invention; and 

[0012] FIG. 2 is a graph showing channel configuration of the optical 
add-drop multiplexer of FIG. 1. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

[0013] Reference will now be made to the drawings to describe the 
present invention in detail. 

[0014] FIG. 1 shows an optical add-drop multiplexer (OADM) in 
accordance with a preferred embodiment of the present invention. The 
OADM comprises an optical switch 10, a pre-processing channel 
assembly 20, a post-processing channel assembly 30, an optical coupler 
40, an optical reflector 50, and an optical extractor 60. 

[0015] The optical switch 10 comprises an input port 11 for inputting 
a multiplexed stream containing four different wavelength channels: X h 
X 2 , X 3 , X 4 . The optical switch 10 also comprises four output ports 12a, 
12b, 12c, 12d optically connected with the pre-processing channel 
assembly 20. The pre-processing channel assembly 20 comprises four 
optical fibers 21a, 21b, 21c, 21d, and four collimators 22a, 22b, 22c, 22d. 
Each optical fiber 21a, 21b, 21c, 21d has a first end connected with a 
corresponding output port 12a, 12b, 12c, 12d of the optical switch 10, and 
a second end connected with a corresponding collimator 22a, 22b, 22c, 



22d. Each collimator 22a, 22b, 22c, 22d comprises a GRIN lens for 
outputting collimated light rays. Alternatively, an aspherical lens can be 
used instead of a GRIN lens. The post-processing channel assembly 30 
comprises four optical fibers 3 Id, 31c, 31b, 31a respectively aligned with 
four condensers 32d, 32c, 32b, 32a. 

[0016] The optical reflector 50 is a concave mirror reflector having 
an appropriate curvature for directing light rays emitted from the 
pre-processing channel assembly 20 into the optical extractor 60, and for 
directing light rays reflected from the optical extractor 60 to the 
post-processing channel assembly 30. FIG. 1 highlights a light ray 
emitted from the collimator 22b of the pre-processing channel 20 
assembly 20 being precisely reflected by the optical reflector 50 to the 
optical extractor 60, and a light ray reflected from the optical extractor 60 
being precisely reflected by the optical reflector 50 to the optical 
condenser 32b of the post-processing channel assembly 40. The optical 
reflector 50 may comprise a glass body or other suitable material. A 
paraboloid surface of the glass body is precisely formed to serve as a 
reflecting surface. A high reflective coating is applied on the paraboloid 
surface of the glass body. 

[0017] The optical extractor 60 is for dropping a desired wavelength 
channel, and comprises a 1/2 pitch graded index (GRIN) lens 61 and a 
narrow bandpass filter 62. The bandpass filter 62 is attached to the 
GRIN lens 61, for passing the desired wavelength channel therethrough 
and reflecting other unextracted channels to the optical reflector 50. The 
GRIN lens 61 is for receiving the light ray of the desired wavelength 
channel from the bandpass filter 62, and directing that light ray to an 
output fiber (not labeled). The GRIN lens 61 can be substituted with 
one or more aspherical lenses. 

[0018] A numerical aperture of the GRIN lens 61 employed in the 
present invention is about 0.47. Thus, a corresponding acceptance cone 



half-angle 9 is about 28 degrees. A passable wavelength I is a function 
of the angle of incidence G of an incident light ray as follows: 

X=l (0)= %o [l-n 0 2 sin 2 e/n eff 2 ] 1/2 

wherein 

n 0 represents the refractive index of air; 

n eff represents an effective refractive index of the bandpass filter 62; and 
0 represents the angle of incidence of a light ray with respect to the 
bandpass filter 62. 

[0019] Therefore only a particular wavelength can pass through the 
bandpass filter 62, according to the angle of incidence of the light ray. 
When the angle of incidence is increased, the wavelength of the passable 
channel is decreased. 

[0020] In the preferred embodiment, the reference wavelength Xo is 
1550 nm. Thus, a maximum center wavelength shift Ak is as follows: 

=Ao[l-n o 2 sin 2 0/ne ff 2 ] 1/2 -}t o 
=M[lVsin 2 0/ne ff 2 ] iy2 -l} 
=1550{/~(-sin 2 28Yl.6578 2 )-l} 
=-63.5 nm 
assuming n 0 =l, neff=1.6578 and 0=28°. 

[0021] Referring to FIG 2, the preferred embodiment should comply 
with International Telecommunications Union-Telecommunication 
Standardization Sector (ITU-T) grid standards. Accordingly, the 
channel width of a 4-channel 200 GHz OADM according to the present 
invention is set as 2.4 nm. This contains two half-separate bands of 1.6 
nm and a guard band of 0.8 nm. Thus, the total bandwidth is 4x2.4=9.6 
nm. The angle of incidence of each passable wavelength channel is: 

0=sin- 1 [n efi /n 0 (l-X 2 /X 0 2 ) 1/2 ] 
Hence, if the reference wavelength Xo is 1550 nm, the central wavelength 
of each channel is as follows: 



Xi=lo-2A nm = 1547.6 nm 

l 2 =h-2-4 nm = 1545.2 nm 

X 3 =X 2 -2.4nm = 1542.8 nm 

A4=A. 3 -2.4 nm = 1540.4 nm 
Accordingly, the exact angular position of each wavelength channel is as 
follows: 

9 1 -sm 1 [1.6578(l-1547.6 2 /1550 2 ) 1/2 ]=5.3° 
9 2 =sin' 1 [l. 6578(1 -1545.2 2 /1550 2 ) 1/2 ]=7.5° 
9 3 =sin- 1 [l. 6578(1-1 542.8 2 /1550 2 ) 1/2 ]=9.2° 
e 4 =sm 1 [1.6578(l-1540.4 2 /1550 2 ) 1/2 ]=10.6° 
[0022] Referring back to FIG. 1, the curvature of the concavity of the 
optical reflector 50 is formed to precisely reflect the light rays collimated 
by the pre-processing channel assembly 20 to the bandpass filter 62 
according to the exact angle of incidence of each passable wavelength 
channel, and to precisely reflect the light rays reflected by the band pass 
filter 62 to the corresponding condensers of the post-processing channel 
assembly 30. 

[0023] The coupler 40 comprises five input ports 4 1 d, 4 1 c, 4 1 b, 4 1 a, 
42, and an output port (not labeled) connected with an output fiber (not 
labeled) for outputting the multiplexed stream. The input ports 4 1 d, 4 1 c, 
41b, 41a correspond to the post-processing channel assembly 30, and the 
input port 42 is for insertion of desired wavelength channels. The 
optical fibers 3 Id, 31c, 31b, 31a of the post-processing channel assembly 
30 are respectively aligned with the input ports 4 Id, 41c, 41b, 41a, and 
with the optical condensers 32d, 32c, 32b, 32a. 

[0024] The pre-processing and post-processing channel assemblies 
20, 30 can also be respectively integrally formed on an optical substrate, 
or further incorporated with the optical switch 10, the optical reflector 50 
and the optical coupler 40. This reduces the size of the OADM of the 
present invention. 

[0025] The operational principles of the OADM of the preferred 



embodiment are shown in FIG 1. Actual light paths are represented by 
solid lines. Other light paths traced if the switch 10 is switched to other 
desired channels are represented by broken lines. An original signal 
stream contains four different wavelength channels X h X 2 , X 3 , X 4 . To 
extract channel X 3 , the optical switch 10 is switched to output port 12b. 
The original signal stream is thus directed to the optical fiber 12b, and 
collimated by the collimator 22b. The collimated light rays are emitted 
from the pre-processing channel assembly 20, and are reflected by the 
optical reflector 50 to the bandpass filter 62. The angle of incidence 
0=G 3 , which corresponds to the passable wavelength X 3 . The other 
unextracted channels X h X 2 , X4 are reflected by the bandpass filter 62, then 
reflected by the optical reflector 50, and then collected by the condenser 
32b of the post-processing channel assembly 30. The insertion channel 
X 3 and the unextracted channels X h X 2 , X 4 are coupled into the output fiber 
(not labeled) by the optical coupler 40. 

[0026] An OADM in accordance with an alternative embodiment of 
the present invention complies with the ITU-T grid standard of 100GHz. 
Such OADM can accommodate about 40 channels, where each channel 
comprises a 0.8 nm separate band and a 0.8 nm guard band. The 
structure of such OADM is similar to that of the OADM in accordance 
with the preferred embodiment as described above. Similarly, other 
alternative embodiments of the OADM of the present invention can be 
configured according to the above-mentioned operational principles. 
For example, other alternative embodiments having a variety of desired 
channel interval widths can be configured. 

[0027] While the preferred embodiment in accordance with the 
present invention has been shown and described in detail, equivalent 
modifications and changes known to persons skilled in the art according 
to the spirit of the present invention are considered within the scope of 
the present invention as defined in the appended claims. 
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